Abstract This paper presents the preparation and characterization of the wood polymer composite (WPC) prepared from wood flour, polypropylene and organoclay (Cloisite Ò 20A). Nanoclays with different concentrations (1, 2.5, 4 and 5 wt%) were used as reinforcing filler for WPC. Maleic anhydride grafted polypropylene was added as a coupling agent to increase the interaction between the components of the WPC. Nanoclay based WPC were made by extrusion process followed by injection molding. Mechanical, water absorption, morphology, structural and thermal properties of the as-prepared composites were evaluated. The result of strength measurements indicated that when 1 and 2.5 wt% nanoclay were added, the tensile and flexural strength reached their maximum values. When maintaining the nanoclay at a low concentration, it was well dispersed in the WPC. However, when high nanoclay (4-5 wt%) was introduced, the improving effect began to diminish because of the agglomeration of nanoclay which caused weak interfacial bonding. The water absorption results showed a lower value with the addition of 1 wt% nanoclay, and the thermal tests exhibited that the degradation temperature shifted to higher value clearly after the addition of nanoclay over the WPC. The formation of WPC was confirmed by the Fourier transform infrared spectroscopy analysis.
Introduction
Wood polymer composite (WPC) is a hybrid material mainly from woody materials and thermosets or thermoplastics. A thermoset polymer (or plastic), is a petrochemical material that irreversibly cures, while the thermoplastic is a material which becomes soft when heated and hard when cooled and it can be recycled. In recent years, increasing interest has focused on wood polymer composites (WPC) reinforced with wood fiber or other lignocellulosic based materials (Panthapulakkal et al. 2006) . Polypropylene (PP), polyethylene (PE) and polyvinyl chloride (PVC) are the widely used thermoplastics for WPC.
Manufacturing process of WPC usually occur in two steps i.e., the compounding and the forming. During compounding, wood and other additives are incorporated into a molten thermoplastic to produce a homogeneous composite material. The composite material is then formed into a product and the common forming methods are profile extrusion (extruding molten composite through a die), injection moulding (injecting molten composite into a three-dimensional mould), and compression moulding (pressing molten composite between two mould halves (Clemons 2002) .
WPC have emerged as an important group of engineering materials during the past decade and have become prevalent in many building applications including decking, docks, landscaping timbers, fencing and also replace the pressure-treated solid lumber (Pilarski and Matuana 2005) . WPCs are gaining a great attention in academic and industrial sectors due to their favourable properties like low density, low cost, renewability, recyclability as well as desirable mechanical properties (Deka and Maji 2010; Alamri and Low 2013; Zhang et al. 2012; Faruk et al. 2012) . Better stability and favorable mechanical properties have caused WPCs to become a preferred building material (Adhikary et al. 2008) . However, wood flour and thermoplastics have different nature, thereby imposing severe incompatibility during the manufacturing process and leads to poorer interfacial adhesion between thermoplastics and wood flour (Raj et al. 1989; Kazayawoko et al. 1999 ).
There are two major approaches to enhance physical and mechanical properties of WPCs through the use of fillers (Bakraji and Salman 2003) . On one hand, the wood flour can be treated with acetylation (Mwaikambo and Ansell 1999) , silane treatment (Lee and Wang 2006) , heat treatment (Hosseinaei et al. 2012 ) and treatment with sodium hydroxide (Ichazo et al. 2001) to improve the physical and mechanical properties. On the other hand, the incorporation of nano particles such as nanoclay, and carbon nanotubes (CNTs) is method for improving the overall properties of WPCs, because of their high surface area, low density and high Young modulus . These nanomaterials shows the positive results, including high modulus, increased tensile and flexural strength, high thermal stability and low water absorption (Faruk and Matuana 2008) . Many researchers have focused on the nanoclay as nanofiller to improve physical and mechanical properties of WPC (Najafi et al. 2012) .
Nanoclay is derived from montmorillonite, a mineral deposit that has layered structure of dimension around 1 nm thick and a specific surface area of 700-800 m 2 /g. Nanoclays are currently being used to improve modulus, tensile strength, barrier properties, flame resistance and thermal properties of many plastics. It is a weathering product produced by disintegration and chemical decomposition of igneous rocks with fine texture of particle size less than 0.002 mm (2 micron) (Cairns-Smith and Hartman 1986). There are two main types of clay structures 1:1 kaolinite type and 2:1 layer silicates. Both contain stacks of layers held together by hydrogen bond (as in 1:1) or by interlayer cations (as in 2:1). Kaolinite 1:1 consists of metal-hydroxide and silicon-oxygen network of sheets fused together by hydrogen bonding. The 2:1 layer silicates include mica, smectite, vermiculite, and chlorite. Smectite group is further divided into montmorillonite (MMT), nontronite, saponite and hectorite species (Brindley and Brown 1980; Moore and Reynolds 1989) . Among these layered silicates, MMT is widely used as reinforcement for the polymer-clay nanocomposite synthesis because it is eco-friendly, readily available in large quantities at low cost and its intercalation chemistry is well understood (Tjong 2009 ).
Although successful results were achieved in nanoclay-PVC/wood-flour composites, the majority of WPCs are currently made using polyethylene (PE) and polypropylene (PP) matrices. Consequently, the main objective of this study was to examine whether or not the addition of nanoclay could also enhance the properties of PP-based WPC. Particular emphasis was placed on investigating the effect (Bhattacharya et al. 2008) of different contents of nanoclay on the properties of the composites (Fig. 1) .
Experimental investigation Materials and preparation
Materials for the preparation of the wood-plastic composites are listed in Table 1 .
As far as preparation is concern before compounding, the fresh wood flour of Koompassia malaccensis was dried at 105°C for 48 h. The dried wood flour was milled down to particle size of 40 mesh (400 micron). The sieved wood flour was kept in a container for subsequent use. Secondly, the clay was dried in a vacuum oven at 60°C for 24 h prior to use.
Compounding of materials
The Cloisite 20A, WF, PP, and MAPP were weighed according to formulations given in Table 1 . All of the fillers were dried at 85°C in the convection oven for 48 h prior to use. The mixtures were prepared by using a single screw extruder (Brabender GmbH & Co. KG, Germany) . The heating temperature profile of the screw were set at 190°C in feed zone, 180°C in melting, while the temperature of the extruder die was held at 170°C. The screw speed was 80 revolutions per minute and the die size is 5 mm. The Cloisite 20A, WF, PP, and MAPP were premixed before being fed into the first zone of the extruder. The extruder strand passed through a water bath and was subsequently palletized. Totally six sets of blends and composite samples were fabricated (Table 2) .
Before injection moulding, the compounded pallets were dried at 60°C for 24 h to remove the remaining moisture. The pallets were then injection moulded in a BOY 22 M machine to produce the dumbbell shaped specimens to evaluate the properties of composites. The processing temperatures were set at 190°C in feed zone, 180°C in melting and 170°C in die zone. The cooling time was 20 s, clamping pressure 160 bars, injection pressure was 100 bars and plasticizing back pressure was 5 bars. The injection speed and screw rotation speed were 142 and 1 mm/min respectively. Finally, the dumbbell shaped specimens were conditioned at a temperature of 23 ± 2°C and relative humidity of 50 ± 5°C for at least 40 h according to ASTM D618-99 (ASTM 2002) .
Characterizations

Mechanical properties
All mechanical tests were performed according to following standard testing methods: • Tensile strength and modulus, ASTM D 638.
• Flexural strength and modulus, ASTM D 790.
These mechanical tests of WPC were performed using Universal Testing Machine (Instron, model 8112). The specimens were tested at crosshead speed of 5 mm/min for tensile and flexural, at room temperature (50 % relative humidity and 23°C). The dimensions of the test specimen were according to the respective ASTM standards. All the reported values for the tests were the average values of 5 specimens. In this study, Impact testing was conducted according to ASTM D256 Plastics-Determination of Izod notched impact strength. Rectangular impact test samples were prepared using an injection moulding machine (model-DR BOY 22 M) with dimension 55 mm 9 3.3 mm 9 10 mm. Testing was carried out using a Instron impact tester (model-CEAST 9050). Average of five replicate samples was taken for each composite type to obtain the impact strength.
Water absorption test
The water absorption (WA) test was conducted in accordance with ASTM D 570. Before testing, the weight of each specimen was measured and conditioned samples of each composite type were soaked in distilled water at room temperature for 15 and 30 days. Samples were removed from the water, patted dry and then measured again. Each value obtained represented the average of five samples. The value of the water absorption in percentage was calculated using the following equation:
where WA(t) is the water absorption (%) at time t, W o is the oven dried weight and W(t) is the weight of specimen at a given immersion time t (Fig. 2) .
Morphological study
Studies on the morphology of the composites were carried out using a scanning electron microscope (SEM). SEM micrographs of the surfaces of specimens were taken using SEM Model WEGA-II TESCAN. The specimen was coated with a thin film (25 nm) of gold to avoid electrical charge accumulation during the examination and then analysed at an accelerating voltage of 10 kV.
Thermal properties
Thermogravimetric analysis (TGA)
Thermogravimetric analysis (TGA) was performed on the WPC samples to determine the weight loss as a function of temperature. Thermal properties were determined using a Polymer Laboratories Thermogravimetric Analyzer. The samples of approximately 5 mg of each composite were analysed and heated from 30 to 600°C at a rate of 10°C/ min under nitrogen atmosphere.
Differential scanning calorimetry (DSC)
In this work Q 1000 DSC system (TA Instruments, USA) was used to determine the influence of clay loading on the crystallization and melting behavior of the wood plastic composites. Each sample was heated and cooled at a scanning rate of 10°C/min under nitrogen atmosphere in order to prevent oxidation. A test sample of 5-10 mg was placed in an aluminum capsule and heated from 20 to 200°C for each run.
Fourier transform infrared spectroscopy (FT-IR)
Fourier transform infrared spectroscopy (FTIR) was used to observe the effect of nanoclay on the chemical structure of the WPCs. Samples was first mixed with KBr 1-100 % by weight ratio and form pellet. Formed pellets were scan on FTIR spectrometer (Perkin Elmer spectrum 100 Model). The average of more than 50 scans was taken 2 cm
resolution in the wavelength range of 4000-0 cm -1 .
X-ray diffraction (XRD)
X-ray diffraction (XRD) analysis was carried out with the help of a Rigaku Mini Flex II (Japan). The tube current of the X-ray generator and the working voltage were 15 mA and 30 kV, respectively. The other experimental details are reported elsewhere. The surface of the films was observed by a field emission electron microscope (model JEOL JSM-7800F). The samples were coated with gold by a vacuum sputter coater before observation. Results and discussion
Tensile properties
The tensile value of WPC with Organoclay was obtained at the breaking point of the material. Tensile strength of composites made with various loading of nanoclay is presented in Fig. 3 . The tensile strength results indicate that the composites containing 1 wt% of nanoclay exhibited the highest value compared to the other samples.
Composites made without nanoclay showed 27.98 MPa tensile strength value, while maximum tensile strength was achieved at 1 wt% nanoclay, and it was approximately 32.21 MPa. It can be seen from Figure, the tensile strength of pure PP is decreased by 17 % when WF was added. The higher degree of brittleness introduces by the incorporation of wood flour in WPC (Yeh et al. 2013) . The tensile strength of composite is mainly influenced by filler fraction and the interfacial adhesion between particles and matrix (Sun et al. 2006) . Similar findings were reported for other lignocellulosic fibers based PP composites (Ashori and Nourbakhsh 2011) .
In Fig. 3 , it is clearly illustrates that unlike 1 wt% of organoclay, further addition of nanoclay cannot significantly improved the tensile strength and this could be explained by the agglomeration of nanoparticles. The importance of dispersions and their effect on mechanical properties of composites made with nanoparticles has been discussed in many research works (Breton et al. 2004; Coleman et al. 2006) .
The tensile modulus of the composite was increased compared to PP, when wood flour was incorporated into the neat PP. The reason might be the better stiffness of wood fibers compared with PP. Moreover, with increasing nanoclay loading in the composite, the tensile modulus of WPC was increased. As it could be seen from Figure, the tensile modulus value was increased by 28.57 %, with increasing of organoclay loading to 5 wt%, reaching approximately 578 MPa compared to WPC. This enhancement in tensile modulus might be attributed to the decrease in mobility of the polymer chains which might that because the stack state nanoclay had restrained the mobility of polymer chains.
Flexural properties
The flexural test determines the amount of resistance to bending while applying the vertical force to the sample. The flexural strength of the composite mainly depended on the interfacial interaction and the properties of constituents. As shown in Fig. 4 , the flexural strength of the composites vary significantly with different orgnoclay contents. This observation is similar with the trend of tensile strength.
At 1 wt% of organoclay loading into the composite had better homogeneous dispersion and better interfacial interactions in the WPC, which enabled effective stress transferring from matrix to fibers and then leading to high flexural strength, whereas neat PP and composites without nanoclay exhibited the lowest properties.
As it can be clearly seen in Fig. 4 , with increase in organoclay concentration into the composite, the flexural strength is slightly decreased. At 1 wt% of organoclay concentration the maximum value of flexural strength was found. Ashori and Nourbakhsh (2011) reported that the flexural strength of composites at higher nanoparticles concentration decreased because of the agglomeration of nanoclay in WPC. Nanoclay dispersion in the matrix is one of the most important parameters in fabricating the composites. The agglomeration of nanoparticles leads to the reduction of physical and mechanical properties of the resultant nanocomposites.
The flexural modulus is a measure of resistance to deformation of the composite in bending. Similar like tensile modulus, the flexural modulus of the composites were increased over to the PP, when the wood flour was added into the neat PP. As mentioned earlier, the reason might be attributed to the high stiffness of wood flour Fig. 3 Effect of nanoclay loading on tensile properties of WPC Fig. 4 Effect of nanoclay loading on flexural properties of WPC compared with PP. As it could be seen from Figure, the flexural modulus increased with increasing nanoclay loading in the composite, the reason might be that the flexural modulus of nanoclay is higher than WF ). Since, the flexural modulus in composite mainly depended on the modulus of individual component (Yildiz and Gümüskaya 2007) . In addition, plate-shaped fillers had high aspect ratios, and this property increased the wettability of the fillers by the matrix, therefore it was helpful to transfer stress from polymer to the plate-shaped fillers. The large aspect ratio and high interfacial contact area of the nanoclay filler can improve the tensile and flexural modulus (Ramos Filho et al. 2005; Advani 2007 ).
Elongation at break
The elongation at break (EB) is the increase of percentage in length that occurs before the polymer composite sample breaks under strain. It is highly dependent on the interfacial reactions between the polymer matrix and other constituents of composite. As can be seen from Fig. 5 , the elongation at break value decreased as the addition of wood flour into the PP. The reason might be, as mentioned earlier, wood flour introduces higher degree of brittleness in the composite. As observed from Fig. 5 , the elongation at break value obtained showed a decreasing trend. WPC and WPC with 1, 2.5 4 and 5 wt% organoclay loading showed a decreasing pattern in its EB values over PP. The elongation at break value of PP was 28.39 %, whereas, WPC and WPC with 1, 2.5, 4 and 5 wt% Organoclay loading exhibited the elongation at break value nearly 12.03, 12.10, 11.54, 11.40, and 11.40 % respectively. Abraham et al. (2009) mentioned that the incorporation of fillers to the polymer matrix decreases the EB value. Ahmadi et al. (2004) stated that the decrease in the EB values in composites may be attributed to the fact that ductility decreased when stiffness is increased by reinforcement. However, WPC with 1 wt% organoclay showed slightly better (0.59 %) improvement over the WPC sample. Further addition of organoclay into the composite decreased the EB value of WPC. This observation is similar to that of the flexural and tensile strengths results of WPC. At 1 wt% organoclay loading, WPC had the higher tensile and flexural strength.
Notched-Izod impact strength
Impact strength of wood-Plastic composite represents its stiffness and toughness which is in fact associated with the strength of composite materials against the fracture. Figure 6 presents the Izod impact strengths of the PP, WPC, and WPC made with different content of organoclay. The test results revealed that the impact strength of composite was decreased when wood flour and organoclay were added into the PP. Generally, the impact strength decreases because of reduced toughness and increased brittleness of samples by loading the cellulose fillers and nanofillers into to the polymer matrix (Klyosov 2007; Razavi et al. 2006) . Moreover, the impact strength of neat PP is at a higher level than the composite samples. The independent effect of nanoclay is significant on the WPC impact strength. The test results showed that the impact strength of composite was increased at first, showing higher strength at 1 wt% organoclay content over other WPC. The reason behind this that the well dispersion of organoclay into the composite. As, discussed earlier, the dispersion of nanofiller affects the impact strength of the composite. Furthermore, as shown in Fig. 6 , the impact strength of WPC is largely decreased by increasing the amount of nanoclay from 4 to 5 wt%.
The reason might be that the nanoclay particles create the stress concentration points and starting points of fracture, thereby the impact strength of composite is decreased by increasing the organoclay content. Furthermore, the high existence of nanoclay increases the agglomeration and absorbs less impact energy (Mohanty and Nayak 2007) . Therefore, the increased organoclay content creates the points in the polymer matrix that they enhance the stress concentration and begins the crack expansion from that area (Han et al. 2008) . Obtained results were consistent with the results reported by Lei et al. (2007) , Han et al. (2008) and Behzad (2010) .
Water absorption
Besides mechanical properties, water resistance is also important for WPC. The water absorption behaviour is important to investigate the durability of the PP and WPC exposing to the environmental conditions. The results of water absorption of PP, WPC and WPC with different percentage of organoclay loading after 15 and 30 days water immersion are shown in Fig. 7 . As can be seen from the Figure, the neat PP absorbed a very negligible amount of moisture around 0.03 % due to its hydrophobic nature. However, the amount of water absorption was suddenly increased with the incorporation of wood flour into the PP. So the uptake value would be mainly ascribed to the hydrophilic wood flour component into the composite and the microgaps and voids between matrix and filler. With the addition of wood flour into the WPC would result in creating gap, holes and cracks between wood flour and PP, since PP was impossible to cover all of the wood flour, which weaken the interfacial bonding between wood fiber and PP. This hypothesis was confirmed by SEM observations (Fig. 8a) . As wood flour content was constant (20 wt%) in all blends, the different water absorptions among all the manufactured composites can be attributed to the role of organoclay.
WPC with 1 wt% content of organoclay showed the least water absorption, it was even lower than the WPC sample. Addition of 1 wt% organoclay into the composite reduced the water uptake by 70 % in 15 days water absorption and by 87 % in 30 days water absorption over WPC sample. The reason might be that well dispersion was achieved for 1 wt% of organoclay which gave better interfacial bonding of the organoclay to the matrix and better water barrier performance.
However, when the nanoclay filler was added from 1 to 5 wt%, the water absorption of composite was increased. When the organoclay was added from 1 to 5 wt%, the water absorption of composite was increased by 65 and by 51 % in 15 and 30 days water absorption respectively, and it was attributed to the agglomerate of organoclay that increased holes and crack fractions during the compounding process. This hypothesis was also confirmed by SEM images (Fig. 8d-g ). From which it can be seen that more number of crack and holes were created when the composite contained 5 wt% organoclay.
Morphology characteristics
SEM is an effective media for the morphological investigations of the composites. Figure 8 showed the SEM micrographs of the fracture surfaces of the composites. The significant improvements in mechanical properties of the composites with incorporation of nanoclay were further supported by SEM micrographs. The SEM micrographs of the tensile fracture surfaces represents, the distribution and compatibility between the fillers and the matrix. Figure 8a corresponds to WPC without nanoclay. As can be seen, there is poor adhesion area, cavity and fiber pull-out, therefore, when stress is applied it causes the gaping holes. This was attributed to the hydrophilic nature of the fibers and its weak homogeneity in the polymer matrix. So, it could be informed that the interfacial adhesion between the WF and the PP matrix in the composites was poor. It exhibits that the fibers can leave the matrix easily and it can create holes and cavities when stress was applied. Figure 8b , c are showing the less holes, cracks, and cavities as compared to sample without nanoclay. Micrographs Fig. 8b and c corresponds to the WPC containing 1 and 2.5 wt% nanoclay respectively. It suggests that the nanoparticles and matrix were thoroughly mixed. As can be seen in Fig. 8b , c there is no separation of the fibers from the matrix and a very good interaction between the components can be inferred from the image. The strong adhesion that is observed at the interface has been already discussed in mechanical properties of the composites and is related to the well dispersion of organoclay particles into the composite.
As it can be seen from Fig. 8d , e, the composites filled with 4 and 5 wt% nanoclay had many holes and cavities remained after the fillers were pulled out of the matrix. Figure 8d , e shows the micrographs of WPC at low magnification (2009). The presence of these holes means that the interfacial bonding between the filler and the matrix polymer is weak and therefore the nanoclay could not provide an efficient stress transfer from the matrix. As shown in Fig. 8f , g, high content of nanoclay were easily agglomerated, which is the characteristic of this nanofiller. Figure 8f , g shows the micrographs of WPC that was loaded with 4 and 5 wt% nanoclay at high magnification (5009). The presence of these agglomerates results in the generation of flaws, resulting in the creation of voids between the filler and the matrix polymer. This causes the mechanical properties of the composites to be reduced, as compared with the composites filled with lower content of nanoclay.
Thermal gravimetric analysis (TGA)
The TGA curves are very important to study the thermal properties and degradation behaviours of the composite applied at high temperature. The manufacturing of such composite requires the mixing of fibers and matrix at high temperatures, so the degradation of the cellulosic materials can produce undesirable effects on the properties. The weight loss curves of various samples at different temperatures are illustrated in Fig. 9 .
In all the cases, a slow decrease in weight loss below 100°C was observed which was due to the removal of some moisture from the samples. The TGA of neat PP showed a single-mass loss step with maximum degradation rate cantered at 422°C. For the WPC, it was verified that the maximum degradation rate was shifted to a higher temperature showing that the presence of the wood flour improved the thermal stability of the polymer compared with the neat PP. This could be explained by the high thermal stability of lignin in chemical composition of wood flour. In an interesting research, Yildiz and Gümüskaya (2007) reported that lignin is thermally the most stable components of wood. It is widely accepted that the primary thermal decomposition of cellulosic materials occurs between 200 and 400°C (Fisher et al. 2002) . The WPC mainly showed two decomposition stages. The first peak of decomposition (309°C) was mainly due to the thermal decomposition of cellulosic components (Fisher et al. 2002) , and the next decomposition peak (435°C) was mainly due to the decomposition of polymer matrix in the WPC.
As it can be seen from Fig. 9 , the addition of organoclay into to the composite clearly increased the degradation temperature of the WPC. The increase in thermal stability in organoclay loaded WPC may be attributed to the presence of silicate layers which acted as a barrier and delayed the diffusion of decomposed volatile products throughout the composite (Qin et al. 2004) . Obviously, the WPC/NC mainly showed two decompositions stages. The temperature of degradation of the composite with 1 wt% of organoclay showed higher degradation (447°C) among other WPC. Table 3 shows the decomposition temperature at different weight loss and residual weight (RW%) for PP, WPC and WPC/NC. It was observed that the decomposition temperature values were reduced, due to the higher loading of organoclay into the composite. The reason might be, as discussed earlier, the agglomeration of nanoclay in the composites. Composite provide more area exposure of matrix polymer and could have resulted in more weight loss at lower temperature (Lee et al. 2008) .
Moreover Derivative thermal gravimetric (DTG) was further employed to study the thermal stability of the WPC which was expected to shed some light on the chemical structure of the composite. Figure 10 delineated the DTG of PP and the different types of WPC analysed in this study.
WPC presented a two-step decomposition process, while polypropylene matrix presented only one-step. The first decomposition step of the WPC, at 309°C, corresponds to the decomposition of the wood flour. The second step, at 435°C, corresponds to the degradation of the propylene group of polypropylene. The loading of Organoclay is seen to shift the peak temperature to slightly high values and this shows that the Organoclay has a contribution in the decomposition rate. However, with the incorporation of Organoclay, two peaks were observed. The first peak may be attributed to the decomposition of the PP matrix whereas the second peak which seen at a higher temperature is due to the PP physicochemical attachment to the nanoparticle's surface.
The increase in thermal stability in organoclay loaded WPC may be attributed to the presence of silicate layers which acted as a barrier and delayed the diffusion of 
Differential scanning calorimetry (DSC)
Differential Scanning Calorimetry (DSC) is a technique used to study the thermal transitions of a substance when it is being heated. Thermal transitions are the changes that take place in a polymer such as the melting of the crystalline and the glass transition of the substance. Figure 11 shows DSC curves of neat PP and WPC with and without organoclay. Crystallization behavior (melting and crystallization temperature, heat of fusion and crystallinity) of neat PP, WPC and WPC/NC obtained from DSC experiments is summarized in Table 4 .
The differential scanning calorimetry thermograms of the WPC are illustrated in Fig. 11 . From the graph, a general idea was obtained about the melting temperature and the interaction between the organoclay and WPC; this led to information about the mechanical properties of the wood plastic composites. The DSC results exhibit the increased crystallization temperatures of 1 wt% organoclay up to 154.00, in contrast with 149.88°C for neat PP. Generally, a less amount of well-dispersed clay can act as the effective nucleating agent to accelerate the crystallization of PP matrix and thus promote the mechanical performance through the surface-nucleated PP crystalline phase (Mohan et al. 2011) . The nucleating effects found in DSC results, which can correspond with the mechanical properties for WPC.
All WPC had a higher melting temperature (Tm), compared to the neat PP. Neat PP had the lowest Tm (165.12°C), while WPC with 1 wt% Organoclay had the highest Tm (167.06°C). The increased loading level of organoclay had no significant effect on the Tm of the WPC. However, increased loading level of organoclay slightly decreased the Tm of the WPC. Table 4 shows the enthalpy (DHm) of caloric processes was determined at the heating rate of 10°C/min. The DHm of neat PP at transition temperature was 54.80 J/g, but the addition of wood flour decreased the DHm by 19.57 %. This result exhibits that wood flour absorbed more heat energy in the melting of the composites as the DHm of wood flour was much lower than that of neat PP (Wunderlich 1980) . However, the addition of nanoclay from 1 to 5 wt% increased the DHm from 57.96 to 69.50 J/g, indicating an increasing thermal stability.
As shown in Table 4 , the crystallinity (Xc) of PP was 27 %. With the addition of wood flour into the neat PP, the crystallinity (Xc) decreased. The addition of wood flour greatly reduced the Xc. This indicates that the Xc is generally affected by the dispersion, the loading level, the surface chemistry of fillers and the viscosity of hybrids (Wang et al. 2002) .
Meanwhile, an increasing amount of organoclay increased X c. This is probably due to the interactions between the carbonyl groups of the repeating units of hard segments and the hydroxyl end groups of nanoclay (Biswal et al. 2009 ). However, at higher loading of nanoclay, X c gradually decreased. The reason might be, as mention earlier, the agglomeration and poor dispersion of nanoclay in composite.
Fourier transform infrared spectroscopy (FTIR)
In this study, FTIR spectroscopy was employed to identify whether the organoclay has been embedded in the WPC and chemically bonded to the polymer chains. PP, WPC and WPC with 1, 2.5, 4 and 5 wt% of organoclay were investigated. The chemical changes that occurred upon the incorporation of organoclay into the composite are presented in Fig. 12 The Infrared absorptions bands that are commonly seen in PP were observed in all six samples in all the four different percentages of the organoclay loading. The characteristic of broad peak that were observed at 3200-3460 cm -1 are attributed to the hydrogen bonded (O-H) and O-H stretch in the spectrum of the PP and WPC.
All composites displayed peaks at around 2850-3000 cm -1 . It is expected that these peaks are due to CH stretching, as CH is present in the chemical structures of PP and cellulose fibres stretching (Sgriccia et al. 2008) . Similar observation was reported by Awal et al. (2009) . The C=O stretching of the acetyl groups is believed to cause the peak at around 1600-1730 cm -1 (Sgriccia et al. 2008) . CH 2 bending vibration causes peaks around 1450-1460 cm -1 , this peaks is due to the nanoclay vibrations (Alhuthali et al. 2012) .
It can be seen in Fig. 12 , WPC contain organoclay showing peak arising between 1000 and 1110 cm -1 due to Si-O stretching (Stark and Matuana 2004) . These Peaks are the indication of the presence of silica oxide (Si-O) bonds due to the incorporation of the nanoclay silicates in the WPC and this finding is in line with Frankowski et al. (2007) . It is known that silica is the dominant constituent of nanoclay whereby it is present in the tetrahedral layer of the clay. The tentative assignments of the main absorption bands of the FTIR analysis are illustrated in Table 5 .
It can be confirmed from the above visual observation that the layered silicates (Si-O) were able to disperse in WPC. The chemical bonding between the PP grafted onto the nanoparticles would certainly enhance the filler/matrix adhesion in the composite and contribute to its property enhancement.
X-ray diffraction (XRD)
The XRD analysis was employed in this work to characterize the structure of the samples by determining the Figure 13 displays the data obtained from the XRD analysis for each type of samples with a diffraction angle from 3-20 o whereas Table 6 summarizes the interlayer spaces of the PP, WPC, WPC with different content of organoclay.
From Fig. 13 , it can be noticed that the final structures of the wood-plastic composite were greatly influenced by the organoclay filler content. The structures of the woodplastic composite incorporated with different concentrations of nanofiller showed a variety of changes in its angular spacing and reflection angle. The XRD pattern obtained were highly dependent on the quantity and the quality of the nanofiller content. Bragg's law states that if nanoclay retains its original structure and the original d-spacing when incorporated into the polymer matrix, the position of the Bragg peak that corresponds to the d-spacing in the XRD diffractogram will remain unchanged whereas if the layered structure is maintained and the d-spacing increases, the Bragg peak will be shifted to the lower value. The Bragg's peak disappears altogether when the layered structure is disrupted.
The data obtained from analysis shown that neat PP possessed a visible peak at 2h = 14.08°with an angular spacing d = 6.28 Å , whereas WPC without nanoclay shown a peak at 2h = 13.88°with an angular spacing d = 6.37 nm. The addition of wood flour with MAPP gave slightly wider peaks, indicating the improved compatibility of wood flour and PP matrix by adding MAPP and the enhancement of intercalation from the better shear action by adding wood flour during the compounding process (Lee et al. 2008) . WPC with 1, 2.5, 4 and 5 wt% showed characteristic diffraction peaks at 2h = 6.20°(d-spacing is 14.23 Å ), 2h = 6.25°(d-spacing = 14.14 Å ), 2h = 6.62°( d-spacing is 13.60 Å ) and 2h = 6.63°(d-spacing = 13.41 Å ) respectively. It can be observed from Fig. 13 that there are two visible peaks in the XRD diffractograms for the samples with organoclay. The peaks rose at angle 2h more than 10°are indications that the organoclay particles functioned as nucleating agents that induced the crystallization of the segments in PP. The peaks attained at angle 2h less than 10°is useful in determining the degree of interaction between the polymer and filler as a shift towards the lower angles are associated with the intercalation and exfoliation of the polymer between the nanoclay lamellas (Dias et al. 2010) .
From the data obtained, WPC incorporated with different content of organoclay portrayed a smaller 2h value than neat PP and WPC without organoclay that corresponds to higher angular spacing which indicates that a successful intercalation process has been achieved. The peaks of the organoclay reinforced WPC which were seen to shift towards a lower value is an indication that an intercalated nanoclay structure has been created.
However, these data showed that the order of intercalation was higher at 1 and 2.5 wt% organoclay than at 4 and 5 wt% organoclay concentration. Thus, one reason for the achievement of an intercalated structure in these composite could be better dispersion of the organoclay particles throughout the wood-plastic composite. These results are in agreement with those of Kord (2012) and Khademi-Eslam et al. (2013) .
Conclusions
This study investigated the effect of nanoclay as reinforcing agent on the mechanical physical, morphological and thermal properties of WPC from Kempas wood flour. The incorporating of nanoclay into the PP matrix effectively improves mechanical properties, this improvement comes at proper nanofiller loading at 1 wt%. The sample with 1 wt% nanoclay showed lower water absorption. The SEM micrographs showed that high contents of nanoclay (4-5 wt%) were easily agglomerated and this caused the reduction in mechanical and physical properties of the composites. The thermal stability of composites has shown the positive effect with the addition of nanoclay. The highest improvement on the thermal stability of composites was achieved at 1 wt% of nanoclay. Fourier transform infrared spectroscopy (FT-IR) and XRD analysis showed that the layered silicates (Si-O) were able to disperse in WPC. From this work, it has been concluded that nanoclay are promising materials for the improvement of the mechanical properties and dimensional properties of WPC.
